Previous experiments have shown that the growth of ceils explanted from tuberculin-sensitive animals may be inhibited if tuberculin is added to the culture menstrnum (1). Tissue culture techniques also have been employed in studies of the mechanism of action of cortisone. The direct effect of this compound upon such diverse physiologic phenomena as heart muscle contraction (2) and renal tubular secretion (3) has been investigated in cultured cells. Leahy and Morgan (4) have tested the effect of cortisone upon the response to tuberolll-of cells from tuberculous guinea pigs, in an attempt to determine the effect of this steroid on an allergic reaction in ~/tro.
tuberculin (O.T.) was performed 1 week or more prior to preparation of the tissue cultures. All guinea pigs and rabbits infected with living tubercle bacilli became tuberculin-positive, while rabbits immunized with killed organisms gave reactions ranging from negative to strongly positive. Mice remained tuberculin-negative, as has been previously reported (7) .
Spleens were removed aseptically from exsanguinated animals, placed in Petri dishes containing Simms' (8) balanced salt solution and, after rinsing to remove traces of blood, were stored at 4°C. Explantationwas invariably carried out within the hour. Spleens of guinea pigs were found to be sterile in only about 50 per cent of the animals. Nevertheless, determinations made upon explants of the contaminated tissues are included in the series because the condition appeared to affect neither the proliferation of the cells nor their response to the test reagents. The spleens of the mice and rabbits were sterile. Buffy coats were obtained by bleeding rabbits from the ear artery. The blood, after the first few drops were discarded, was allowed to drip into cold paraffined tubes containing 0.05 rag. heparin (liquaemin sodium, Organon) for each 10.0 ml. of blood. Following centrifugation at 2500 x.P.~, for 10 minutes, at 33°C., the plasma was withdrawn from each tube and a drop of chick embryo tissue extract was deposited on the surface of the leukocyte layer. When firm, the entire layer of white corpuscles was transferred to Simms' solution, washed gently to remove loose blood cells, and then treated as any other tissue fragment.
Preparatlon of Cul~ures.--Tests were carried out on initial cultures, without a preliminary period of growth, using Maffilmow's double coverslip lying drop method. The basic technique was as follows: Tissues were cut into fragments, approximately 1 mr-. in diameter, and three of these fragments were placed on a small circular coverslip in one drop of a solution consisting of three parts of human placental serum, one part of a 50 per cent saline extract of 9-daychick-embryonic tissue, and one part of Simms' balanced saline solution adjusted to pH 7.4-7.6. A second drop consisting of equal parts of placental serum and fowl plasma was added and mixed quickly before clotting occurred. The volume of the total nutrient clot approximated 0.1 nil. The small coverslip was placed on a larger coverslip and the double coverslip preparation was then sealed to a depression slide with paraffin, inverted, and incubated at 37°C. The test reagents were diluted to desired concentrations in the saline solution, singly or in combination, and were added to drop number one in place of the normal balanced saline. Examination of Explan~.--The buffy coat cultures were observed for 24 hours, the other explants daffy for 4 days. The width and density of the corona as well as tendency to liquefaction were recorded and, in addition, in the case of the buffy cost, micrometer readings of the extent of migration were made on __~' _h tissue fragment. The condition of the granulocytes, small lymphocytes, large mononuclear cells, macropbages, and fibroblasts was observed and injury to the cells was estimated by noting the appearance of globular forms, increased granularity of the cytoplasm, aggregation, and disintegrative changes. The extent of injury to cell migration and growth in individual explants was recorded as slight, moderate, or marked, to indicate roughly 25, 50, or 75 per cent damage to each cellular system. The relative degree of damage to granulocytes and lymphocytes was often more readily observed after 24 or 48 hours, since at 72 hours these cellular types in the control explants often showed early degenerative changes or were obscured by macrophages and rapidly growing fibroblasts. However, 72 hours were usually required before the macrophages and fibroblasts had developed sut~ciently so that the effect of test substances on these cells could be evaluated, while at 96 hours the fibroblasts frequently had partially overcome the initial damage caused by the cytotoxic agent. During the experiments, at intervals of 24 hours, approximately one-quarter of the explants were fixed in Helly's Zenker-formol and stained with Harris' hematoxylin.
Optimal Teat Dose.--P.P.D. was tested in amounts ranging from 0.06/~g./ml. to 10.0 #g./ml. Final concentrations in excess of 5.0/~g./ml. often inhibited the migration of leukocytes and the development of mononuclear cells and of fibroblasts of the guinea pigs, while 5.0/~g./mi. caused only slight or no cellular damage and 2.5 ~tg./ml. appeared to be harmless; the latter two amounts were therefore used as routine in the experiments. When these two amounts of P.P.D. were tested on tissues from normal rabbits and mice somewhat more evident injury was produced, but it was decided to carry out the experiments in the same manner as with guinea pig tissue, since the results with tissues of the three different animal species were more readily compared when identical concentrations of P.P.D. were used.
Cortisone was tested in amounts ranging from 0.062/~g./ml. to 10.0/~g./ml. 10 #g./ml. markedly inhibited growth and migration of all cell types but particularly the small lymphocytes. Lesser amounts of cortisone caused diminishing tissue damage and in the case of the macrophages there appeared to be some initial stimulation of migration with the smaller doses; the cells often became large, ameboid, and irregular in outline but granular disintegra-tion appeared more rapidly than in the control cultures. A concentration of 0.5 ~g./ml. produced slight inhibition of migration of leukocytes and growth of fibroblasts in approxi. mately half of the experiments, while 0.25/~g./ml. mused little or no cellular damage. These latter two amounts of cortisone were therefore used in the experiments. 
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The denominator is the number of animals in the experiment. The numerator is the num. bet of animals in which the designated changes were observed. Each result reported was obtained from 18 explants, hence the material presented in this table was compiled from the examination of 1854 explants.
* The cultures were incubated for 72 hours. The results are recorded from the fresh prep. arations.
"Treated" includes both infected and immunized animals. § The results from animal tissues treated with 0.5 or 0.25#g. of cortisone are pooled.
The cortisone vehicle (aqueous vehicle No. 1) was also examined for its possible deleterious effects. Concentrations up to five times as large as those actually used in the final experiments did not detectably alter the growth or migration of cells from the explanted tissues. Furthermore, a constant amount of cortisone tested in varying amounts of vehicle produced the same degree of inhibition. Table H show that whereas 5.0 #g./ml. of P.P~D. was either without effect or only slightly inhibited the migration of leukocytes and the development of fibroblasts in splenie explants from nornml guinea pig, this concentration of P.P.D. uniformly Table II. inhibited the migration of leukocytes and the growth of fibroblasts in explants from sensitized guinea pigs. Half this amount of P.P.D., 2.5 #g./ml., permitted normal development of the tissues from the control guinea pigs, but exerted a slight to marked inhibitory effect on tissues from 13 of 16 tuberculin-sensitive guinea pigs. Tissues from animals which had been infected with living tubercle bacilli or immunized with killed organisms responded similarly and therefore the results are combined under the heading "Treated" in Tables II-V. The injury produced by P.P.D., 5.0 gg./ml., when added to explanted splenic ceils from a tuberculous guinea pig is illustrated in Figs. I and 2 . Fig. 1 shows the appearance of an explant grown for 72 hours in the basic nutrient plasma dot without P.P.D. It may be seen that fibroblasts predominate but leukocytes and macrophages can be identified and appear healthy. The corona of growth extends well beyond the area of the illustra- Table II. tion. It is obvious, by comparison (Fig. 2) , that the same spleen explanted in a plasma dot containing 5.0 pg./ml, of P.P.D. has grown very poorly: the width of the corona as well as its density is sharply reduced, few fibroblasts and an occasional leukocyte can be identified, several macrophages contain phagocytized debris, and several pyknotic nuclei can be observed.
RESULTS

Guinea Pig Spleni~ Tissu~.--The data summarized in
Tissues from infected or immunized guinea pigs were somewhat more inhibited in their development by cortisone, 0.5 gg./ml., than were tissues from normal guinea pigs, as may be seen by reference to Table II. Half the amount of cortisone, 0.25 pg./mI., was without effect on the development d explants from normal guinea pigs, whereas it exerted a slight inhibition on leukocytes and fibroblasts in splenic tissue from about half of the group of tuberculin-sensitive guinea pigs. Fig. 3 shows the effect of cortisone, 0.5 #g./ml., on splenic cells from the same guinea pig illustrated in Figs. 1 and 2 . The fibroblasts are thinner and less numerous than in the control culture. The large mononuclear cells or macrophages contain phagocytized granules and in some instances show 
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Marked H4 ~s * The assay of inhibition was made after 24 hours' incubation and was based on both the extent of migration and degree of cellular damage.
:~, § See footnotes to Table II. granular disintegration. There are many pyknotic nuclei and the lymphocytes and granulocytes are difficult to identify. When the slide from which Fig. 3 was drawn was viewed as a fresh preparation, the damage to all cell types produced by the cortisone was recorded as slight. The appearance of the stained preparation illustrates a finding frequently encountered; namely, that when the tissues had been fixed and stained it often was possible to recognize more damage to the cells than was recorded following inspection of the fresh preparations. ~The toxic action of cortisone and P.P.D. in various combinations on splenic explants was not obviously additive; the cellular picture generally resembled that seen with P.P.D. alone. These observations would seem to imply that cortisone does not modify the damage produced by P.P.D. Mouse and Rabbit Splenic Tissues.--In tests with explants of spleen from mice and rabbits, P.P.D. and cortisone produced about the same degree of inhibition and injury to all cell types whether the tissues were explaxited from normal, infected, or immunized animals. When P.P.D. was used at a concentration of 5.0 ~g./mi. there was slight to moderate inhibition of the cell types in the majority of explants. At one-half this concentration the toxic effect was less marked (Tables HI and IV) . Cortisone in the concentrations used produced slight inhibition of migration in some explants of spleens from normal as well as infected or immunized mice and rabbits. As before, cortisone failed to modify significantly the damage produced by P.P.D.
DEGREE OF INHIBITION BY RRD. AND GORTISONEi SINGLY AND IN GOMBINATION
Rabbit Buffy Coa/.--P.P.D. and cortisone in these experiments proved to be cytotoxic agents for buffy coats of blood from normal, tuberculous, or immunized rabbits (Table V) . P.P.D., 5.0/~g./mi., slightly inhibited migration of cells from normal buffy coats in over one-half of the explants. All but two of the 14 experiments with tissues from tuberculous or immunized animals showed some inhibition of migration. One-half this concentration of P.P.D. was also slightly more toxic to huffy coats from infected or immunized rabbits. Cortisone, 0.5 and 0.25 ~g./ml., inhibited migration and produced cell damage to about the same extent irrespective of the state of the donor animal. There was no detectable difference in the injury produced by P.P.D. and cortisone, since each appeared to cause the degeneration of both granulocytes and monocytes. As before, cortisone failed to modify the damage produced by P.P.D.
The data on the action of P.P.D. and cortisone on all the explanted tissues are pictured in Chart 1. The findings for each of the three cell systems given in Tables II to V have been pooled. It may be seen that only the splenic explants from the tuberculin-sensitive guinea pig have been strongly inhibited by P.P.D. The increased sensitivity of these tissues to cortisone is apparent as is the failure of cortisone to modify the effect of tuberculin.
DISCUSSION
The experimental data indicate that only the explanted splenic tissue of the tuberculin-sensitive guinea pig and to a much less degree the huffy coat of the tuberculous rabbit were specifically damaged by P.P.D. In neither case was this response, presumably allergic in nature, altered by cortisone. These observations are in contrast to those of Leahy and Morgan (4), who reported that cortisone inhibited the cytotoxic action of P.P.D. upon macrophages from the splenic tissues of tuberculous guinea pigs. The techniques they employed differed from those reported here not only in the nutrient fluid utilized, but also in the fact that the tissues were grown in roller tubes. In addition, these investigators found it necessary to pretreat the tissues with cortisone, 100/~g./ml., 24 hours before the addition of P.P.D., 80 ~g./ml., in order to demonstrate the favorable effect of cortisone.
In a series of preliminary experiments in this laboratory the effect of cortisone on ~ the response to P.P.D. of splenic explants from normal and tuber-culous guinea pigs was tested by means of the roller tube technique employed by Leahy and Morgan. The findings supported the present observations in which the coverslip method has been used. Cortisone in concentrations of 100 or 1 #g./ml. failed to prevent the d~maging effect of P.P.D. on sensitized ceils. Indeed, in three experiments P.P.D. and cortisone in combination were more harmful to the tissues than either one alone.
P.P.D. in concentrations exceeding 5 #g./ml. caused damage to explanted tissues from all three animal species. The toxicity of P.P.D. for guinea pig tissues has been reported by Lasfargues, Boquet, and Delaunay (9), who concluded that although tuberculin was toxic in smaller amounts for splenic tissues from allergic guinea pigs than for similar tissues from normal guinea pigs, the more severe reaction was due to the condition of the diseased tissue rather than to the allergic state of the host. However, the present studies revealed that tuberculin inhibited the growth of explanted splenic tissue from both infected and immunized guinea pigs and in the latter ease the tissues could not be considered to be diseased. Furthermore, the damage produced by tuberculin to normal splenic tissues from mice and rabbits was no less than that which occurred in explanted tissues from tuberculous mice and rabbits.
The finding that fragments of spleens from infected or immunized mice grown in tissue culture failed to react specifically to tuberculin recalls the observations reported by Gerstl and Thomas (7) that infected or immunized mice do not develop a positive tuberculin test. In addition, these investigators observed that the growth rate and physical appearance of tissue cultures of mesenchyme from normal and tuberculous mice were not changed by the addition of P.P.D. In contrast, murine leukocytes have been studied for their sensitivity to tuberculin by Favour (10), who found that this agent was toxic for lymphocytes from tuberculous mice. The reasons for this discrepancy are not currently apparent.
Explanted spleens from infected or immunized rabbits failed to respond specifically to P.P.D., although the donor animal was usually tuberculinpositive. Heilman, Feldman, and Mann (11) cultured rabbit spleens in Carrel flasks and showed that macrophages and fibroblasts from tuberculous animals were injured by a concentration of tuberculin (O. T.) that did not affect cells from normal animals. Utilizing the same animal species but growing the tissues in a hanging drop preparation, Buckley, Buckley, and Keeve (12) reported that liver cells were also damaged by the addition of P.P.D. Although no injury to rabbit splenic tissue was observed in the current experiments, migration of cells of buffy coats from infected or immunized rabbits was slightly inhibited by P.P.D. The toxic effect seemed to involve both granulocytes and lymphocytes in accord with the findings of Fremont-Smith and Favour (13) , who stated that both granulocytes and lymphocytes of tuberculous guinea pigs and man were specifically lysed by tuberculin.
Cortisone in excess of 0.5 ~g./ml. was observed usually to interfere with the development of explanted ceUs from normal animals. By contrast, Leahy and Morgan (4) stated that cortisone in amounts of 100/~g./ml. produced no stimulating or toxic effects on explanted guinea pig tissues in roller tubes. Heilman (14) , in eartier studies, found that cortisone, 2.5 to 60.0 ~g./mi., added to cultures of rabbit lymph nodes and spleen in Carrel flasks decreased the relative number of migrating lymphocytes and accelerated their degeneration. She also noted that fibroblasts were inhibited in about a third of the cultures while macrophages appeared to be unaffected. More recently, by means of the hanging drop method, the effect of cortisone on human leukocytes and on chick embryonic fibroblasts has been studied by Baldridge, Kligman, Lipnik, and Pillsbury (15), who stated that levels of cortisone up to 50.0 ~g./mi. did not inhibit migration of any cellular dements. Steen (16) , utilizing the same method, tested the effect of cortisone, 0.002 mg./ml. to 2.0 mg./ml., on chick embryo cultures. The results of his experiments showed a reasonably good growth up to concentrations of 0.5 mg./ml, and there appeared to be no disturbance in the normal process of mitosis. Ruskin, Pomerat, and Ruskin (17) reported that cortisone acetate in acetone was inhibitory in concentrations of 100 to 200 #g./mi. to chick embryonic cardiac and splenic explants. Other investigators, Kaufman, Mason, and l~inney (18) , utilizing the plasma clot technique described a definite inhibitory effect on the migration of chick embryonic fibroblasts with 10.0 ug./ml, of cortisone (free alcohol), while in preliminary experiments cortisone acetate proved ineffective. Paff and Stewart (19) , who precipitated crystals of cortisone (free alcohol) by evaporation on coverslips before the addition of nutrients and chick embryonic dermal or splenic tissue fragments, reported that the free wandering cells were the most sensitive to 0.5 ug. or more of this hormone.
By means of the redox test, Schrek (20) has illustrated the cytotoxicity of cortisone in suspensions of living cells of the rabbit thymus. The inhibition of the reduction of the indicator was obtained with 1.0 ~g. of cortisone in 0.4 ml. of test fluid. These findings were in accord with his observations on unstained cell counts.
The amount of cortisone reported to inhibit cultured cells obviously has varied widely. The techniques have differed as to nutrient media, methods of culture, and application of the test agents, as well as in the source and age of the tissues examined. In addition the difficulty with which cortisone goes into solution may influence experimental results. It is therefore not yet possible accurately to compare the findings of one study with those of another and thus more dearly to comprehend the action of this steroid on cells grown in vitro. Apparent inconsistencies in in vitro experiments are not unique, since in dvo experiments also indicate that the toxic dose of cortisone may vary from tissue to tissue in the same species as well as in different animals (21, 22 ).
It will be noted that an attempt was made to identify the cell types injured by both P.P.D. and cortisone. As is well known to cytologists, animal tissues grown in v/tro may undergo certain transformations in the form and character of the cells, hence evaluation of all cell types is questionable. However, it would appear from the data herein presented that P.P.D. and cortisone inhibited the migration of leukocytes and induced more rapid disintegration of these cells, while both agents exerted a variable degree of inhibitory activity on the growth of fibroblasts. In the presence of each reagent the amount of inhibition of each cell system varied somewhat from experiment to experiment. In short, little difference could be noticed between P.P.D. and cortisone in their capacities to injure cell types. SUMMARY Tuberculin (P.P.D.) and cortisone acetate, singly and in combination, were added to explanted splenic tissue derived from guinea pigs, mice, and rabbits, and buffy coats obtained from rabbits. These tissues came from normal animals or from animals which had been infected with the tubercle bacillus or immunized with killed tubercle bacilli.
5 #g./ml. of tuberculin or 0.5 #g./ml. of cortisone was the largest concentration of the respective reagents which was tolerated by cultured cells from normal animals.
From the results with all tissues studied it would appear that P.P.D. selectively damaged only the growing cells of splenic tissues from sensitive guinea pigs and to a lesser degree the migrating cells of buffy coats obtained from sensitive rabbits.
Cortisone appeared to have increased toxicity for only explanted splenic cells from tuberculin-sensitive guinea pigs.
The specific effect of P.P.D. on tissues from tuberculin-sensitive animals was not modified by cortisone under the conditions of these experiments. Thus these data furnished no evidence that cortisone had any direct effect on the response of the sensitive cells to P.P.D. 
